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(54) Title: MEDICAL INSTRUMENT 
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^ (57) Abstract: A hydraulically actuated medical instrument (440) includes an elongated shaft (442) having proximal and distal 
£2 ends » (444) 311(1 (446) , an hydraulically actuated end effector (104) at the distal end (446) of the shaft (442) and a fluid flow path 

extending through the shaft (442) to the end effector (104). The shaft (442) may be capable of an angled configuration where at least 
Q a portion of the shaft (442) is manually movable to a direction in which it extends at an angle to another portion of the shaft (442). 

The end effector (104) is not limited to a linear configuration and at least a portion of an elongated end effector (104)extends at an 
^ angle relative to another portion of the end effector (104) as is needed or desirable for the particular procedure to be performed. 
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The mechanical linkage must interface with the end effector so 
as to permit relative movement of the jaws in addition to 
driving of the staples. This can result in a complex attachment 
between the end effector and mechanical linkage that is 
expensive to make and difficult to assemble. 

SUMMARY OF THE CLAIMED INVENTION 

The present invention may be generally embodied in a 
hydraulically actuated medical device of a type suitable for 
endoscopic or laproscopic procedures and which includes, in one 
embodiment , an elongated shaft having a proximal end and a 
distal end, an end effector at the distal end of the elongated 
shaft, a handle portion at the proximal end of the elongated 
shaft, and a fluid flow path extending between the handle and 
the end effector. 

In accordance with one aspect of the present invention, the 
end effector is elongated and at least a portion of the end 
effector extends- at an angle to another portion of the end 
effector to make the end effector suitable for particular 
procedures. For example, the end effector may be continuously 
curved along its length so as to contact the tissue that is 
being stapled or otherwise treated in an arc. Any curved 
configuration of the end effector, such as lateral, vertical or 
complex, is contemplated by the present invention and intended 
to be within the above reference to one portion of the end 
effector extending to an angle to another portion. Also, the 
end effector may have at least two straight portions, one of 
which extends at a fixed or variable angle to the other 
portions. 

It is possible for the end effector to be flexible along 
its entire length or a portion thereof and/or to employ suitable 
inner malleable shape-retaining elements. The end effector may 
be made of any polymer or metallic substance or other suitable 
materials as well as a combination thereof. The end effector 
is preferably preformed to exhibit a desired configuration 
corresponding to a specific medical procedure. 
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example , thermof orming which allows a shaft made of plastic in 
part or in whole to be preformed into a particular shape or 
corresponding to a specific medical procedure. Other methods 
may also be used, such as conventional shape forming methods , 
to form metallic materials into a particular shape. The outer 
shaft also may have a generally fluted, accordion, corrugated 
or undulating shape-retaining surface. 

In another aspect of the present invention the shaft may 
be comprised of an outer flexible shaft and an inner metallic 
element extending along the shaft between the handle portion and 
the end effector. The inner malleable element preferably is 
capable of shape retention and can be manually moved or deformed 
into a desired configuration where at least a portion of the 
shaft extends at an angled direction relative to another portion 
of the shaft. Manual movement allows deflection or angling of 
the shaft along one or more portions of the shaft and is 
preferably provided at the distal portion of the shaft which is 
inserted into the patient' s body. Manual movement can be 
effectuated in one or more planes relative to the longitudinal 
axis of the shaft. The shape and configuration of the shaft may 
be set, for example, directly by hand or indirectly using 
control rods. It is contemplated that the metallic element may 
be in the form of, for example, a metal rod, a spiral wound 
wire, as well as other malleable shape retention members or 
configurations. 

Other features and aspects of the present invention are set 
forth in the following detailed description and claims. 

DESCRIPTION OF DRAWINGS 

Figure 1 is vertical cross-sectional view of an endoscopic 
stapling instrument employing the various features and aspects 
of the present invention. This figure shows the handle 
assembly, barrel or shaft assembly and end effector assembly. 
This cross-sectional view is slightly tilted toward the viewer 
to provide a slightly downward perspective. 
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Figure 12 is a perspective view of the handle of Figure 11, 
taken from a different angle , showing the safety latch and the 
firing trigger in the undeployed, retracted position. 

Figure 13 is an enlarged side view of the handle of Figure 
11, and of the firing trigger and safety latch in particular, 
with the firing trigger in the deployed position. 

Figure 14 is a perspective view of the handle of Figure 11, 
taken from a different angle to better illustrate various 
aspects of the firing trigger and safety latch. 

Figure 15 is a side view of the handle of the instrument 
of Figure 1, with parts removed to illustrate the firing trigger 
and safety latch, with the firing trigger in the fired position. 

Figure 16 is an enlarged perspective view of a portion of 
the handle assembly of the instrument of Figure 1, taken from 
the back side of the instrument as depicted in Figure 1 and 
illustrating, among other things, a firing lockout feature that 
prevents staple firing until the instrument is fully clamped. 

Figure 17 is a view comparable to Figure 16, but showing 
the trigger lockout in a released position. 

Figure 18 is a perspective view of the end effector jaws 
of the instrument of Figure 1 in the closed position. 

Figure 19 is a perspective view of the lower end. effector 
jaw of the present invention in Figure 18, with the upper jaw 
removed. 

Figure 20 is a perspective view of the lower jaw of the end 
effector, with portions removed as compared to Figure 19 for 
better illustration. 

Figure 21 is a perspective view of portions of the lower 
end effector jaw, with portions removed as compared to Figure 
20 for better illustration. 

Figure 22 is a perspective view of portions of the lower 
end effector jaw with portions removed as compared to Figure 21 
for better illustration. 
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Figure 23 is a perspective view ef portions of the lower 
and effector jaw, comparable to Figure 22, but with the balloon 
expanded to illustrate the balloon position *"er staple ^. 

Figure 24 is a side view of the lower end effector D aw 

after staple firing. 

Figure 25 is a vertical cross-sectional view taKen along 

i-inps 25-25 of Figure 24. 

Figure 26 is a perspective view of a portion of the balloon 
re traction assembly of the instrument of Figure 1 for retracing 
the balloon after staple firing. 

Figure 27 is an enlarged view of a portion of the distal 
portion of Figure 26, for better illustration of the balloon and 
parts of the balloon retraction assembly. 

Figure 28 is a further enlarged view of a portion of the 
balloon retraction of assembly of Figure 26. 

Figure 29 is an enlarged cross-sectional view of the handle 
portion and first articulation Joint connecting the handle 
portion to the barrel portion of the instrument shown in Figure 
1, with the jaws of the end effector in an open positron. 

Figure 30 is a cross-sectional view of a barrel portion of 
th. instrument of Figure 1, illustrating a portion of : th. 
mechanism for positively retracting the actuator balloon ^ 
staple firing. The position indicated in Figure 30 is the 
position with the balloon fully retracted before staple firing^ 
Figure 31 is an enlarged cross-sectional view of the end 
effector portion and distal end of the barrel portion of the 
instrument of Figure 1, showing the Jaws in the fully open 

^""Figure 32 is an enlarged cross-sectional view of the handle 
portion and first articulation Joint or gimbal connecting the 
handle portion to the barrel portion of the instrument shown in 
Figure 1 with the Jaws of the end effector in a closed position^ 
Figure 33 is an enlarged cross-sectional view of the end 
effector portion and distal end of the barrel portion of the 
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instrument of Figure 1 showing the jaws in the fully clamped 
position, 

■ Figure 34 is an enlarged cross-sectional view of the handle 
portion and first articulation joint or gimbal connecting the 
handle portion to the barrel portion of the instrument shown in 
Figure 1 with the jaws of the end effector in a closed position 
and the staples fired. 

Figure 35 is an enlarged cross-sectional view of the end 
effector portion and distal end of the barrel portion of the 
instrument of Figure 1 showing the jaws in the fully clamped 
position and staples fired. 

Figure 36 is a cross-sectional view of a barrel portion of 
the instrument of Figure 1, illustrating a portion of the 
mechanism for positively retracting the actuator balloon after 
staple firing. The position indicated in Figure 36 is the 
position with the balloon expanded to its full length after 
staple firing. 

Figures 37 and 38 are cross-sectional views, respectively, 
of the staple actuation balloon in the inflated and deflated 
condition. 

Figure 39a is a top view of an instrument of the present 
invention employing distal jaws that are pivotable in different 
directions, and showing the jaws pivoted at a right angle to the 
barrel. 

Figure 39b is a top view of the instrument of Figure 39a 
with the jaws pivoted at less than 90° to the barrel. 

Figure 39c is a side view of the instrument of Figure 39a 
with the jaws closed. 

Figure 39d is a perspective view of the distal end of the 
instrument of Figure 39b. 

Figure 39e is a side view of the distal end of the 
instrument of Figure 39c with the jaws open. 

•Figure 40 is a perspective view of an instrument of the 
present invention employing a flexible outer shaft. 
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Figure 55 is a perspective view of an instrument having a 
metallic shape retaining shaft. 

Figure 56 is a perspective view of the instrument shown in 
Figure 55 except that Figure 56 illustrates the shaft having an 
angled configuration. 

Figure 57 is an enlarged longitudinal section of Figure 56 
of the indicated encircled area. 

Figure 58 is a perspective view of an instrument including 
a shaft having a preformed angled configuration. 

Figure 59 is an enlarged longitudinal section of Figure 58 
of the indicated encircled area. 

Figure 60 is a perspective view of an instrument having an 
alternate preformed configuration of its shaft. 

Figure 61 is a perspective view of an instrument which 
includes a shaft having control rods extending along the shaft. 

Figure 62 is an enlarged perspective view of the distal 
portion of the instrument in Figure 61. 

Figure 63 is an enlarged sectional view of the shaft of 
Figure 62 along line 63-63. 

Figure 64 is an enlarged longitudinal section of the shaft 
shown in Figure 62 of the indicated encircled area as viewed 
from above. 

Figure 65 illustrates a view similar to that shown in 
Figure 64 except that Figure 65 illustrates the shaft in an 
angled configuration. 

Figure 66 illustrates a perspective view of the distal 
portion of an instrument employing a dual-headed end effector. 

Figure 67 illustrates the end effector of Figure 66 rotated 
90 degrees. 

Figure 68 is a perspective view of the distal portion of 
an instrument employing an end effector having a portion which 
is angled in vertical direction relative to the remaining 
portion of the end effector. 

Figure 69 is a side elevational view of Figure 68. 

Figure 70 is a top view of the end effector of Figure 68. 
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Figure n is a perspective view of the distal port.cn of 
an instrument employing an en. effector having a curved shape 
along a vertica! direction relative to a longrtudrnal shaft axrs 
such that one portion of the end effector extends at an angle 
relative to another portion. 

Figure 72 is a side elevational view of Frgure 71. 
Figure 73 is a top view of the end effector of Frgure 71 
Figure 74 is a perspective view of the distal portrcn of 
an instrument having an end effector which is curved rn a 
norLntal direction relative to a longitudinal shaft 
that one portion of the end effector extends at an angle 
relative to another portion. . 

Figure 75 is a top view of the end effector of Frgure 74. 
Figure 76 is a side elevational view of Figure 74. 
Figure 77 is a perspective view of the distal portion of 
and instrument employing an end effector which is curved 
the vertical and horizontal directions relatrve to a 
ongitudinal shaft axis such that one portion of the end 
effector extends at an angle relative to another portron. 
Figure 78 is a top view of Figure 77. 
Figure 79 is a side elevational view of Figure 77. 

Figure 1 is an overall cross-secticnal view of a surgical 
stapling instrument, generally at 100. particularly suited for 
endoscopic or laproscopic isolation of the left atrral 
appendage. As shown in Figures 1-3, the illustrated rnstrument 
includes a proximal handle portion or assemhly, generally 
at 102, a distal end effector or implement portron or assemhly 
104 and an intermediate barrel or shaft portion or assembly, 
eerally at 106, connecting the handle and the e fee to 
porti-s. in this form, the present inventron rs 
well suited for endoscopic application, where the end ef ector 
L inserted through a trocar or lixe device and is operated by 
the handle portion, which remains outside the patient. 
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Although- the present invention is illustrated in the 
context of an endoscopic stapler , the present invention is not, 
in its broader aspects, limited to a stapler or to a particular 
type of end effector. Accordingly, it should be understood that 
the following description of the present invention in its 
present and preferred stapler construction is for the purposes 
of illustration, and not for the purposes of limiting various 
aspects of the present invention to the specific strubture or 
form shown in the drawings . 

Turning first to a brief overview of the illustrated 
instrument, as shown in Figure 2, the handle portion 102 is 
divided into two halves or shells 108 that, when joined, house 
or mount the various mechanical and hydraulic pafts involved in 
clamping the effector jaws together and firing the staples. In 
brief, each handle shell 108 includes a fixed grip area 110, 
a body portion 112 and a distal spherical portion 114 that 
cooperates with other parts to provide a swivel or gimbal action 
between the handle assembly and the barrel assembly 10 6, as will 
be described in: more detail later. The handle may be made of 
any suitable material such as rigid, injection molded plastic 
or the like. 

The barrel portion 106 comprises a hollow elongated 
cylindrical barrel 116 may be made of suitable metal, although 
rigid plastic may also be used. The barrel is sufficiently 
small to allow introduction of the instrument through the lumen 
of a trocar or other introductory device employed in the 
surgical procedure for access through the skin of the patient 
to the surgical site. The barrel 116 contains the fluid flow 
tubing 118 and 120 of the hydraulic actuation systems for, 
respectively, closing the distal effector jaws and firing 
staples. In addition, the barrel contains a balloon retractor 
subassembly, generally at 122 in Figure 2, that positively 
returns an actuator balloon to its retracted position after 
staple firing, as also will be discussed in more detail later. 

The effector or implement end 104 of the instrument may be 
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seen in Figures 1 and 3. In the illustrated embodiment, the 
effector end or implement is in the form of a pair of D a„s for 
clamping and stapling tissue. The effector end includes a lower 
jaw 124 and an upper jaw 126 pivotally attached to the lower 
ja ». The lower jaw contains a prefilled staple cartridge that 
are ejected by hydraulic action. The upper jaw includes the 
anvil, which includes a series of curved convex surfaces for 
forming the staple ends over to clench the tissue gripped 
between the jaws. Of course, the jaw positions may 
and other end effector arrangements may be employed without 
departing from the present invention. For example, the jaws may 
include multiple rows of staples with a cutting element located 
between the rows to separate tissue upon stapling. The end 
effector could also include electrodes for radio frequency 
sealing, or could comprise scissor blades for cutting tissue 
These are just a few of the additional possible applications of 
the instrument of the present invention. 

The end effector assembly of Figures 1 and 3 is mounted to 
the distal end of the barrel 116 at an articulation joint, 
generally at 126, which allows relative side to side pivoting 
of the end effector jaws after they protrude through the distal 
end of the introduction trocar. In the illustrated embodiment, 
the end effector is spring-biased at the articulation joint to 
extend proximately 30 degrees in the direction out of the plane 
of the paper in Figure 1. This feature of the illustrated 
instrument places the jaws in a preferred position for clamping 
and sealing the left atrial appendage of a human heart after 
entry between the ribs, in the procedure described m U.S. 
Patent Mo. 5,306,234 to Dr. Johnson. 

m wannI.E ASSEMBLY 
Turning now to Figure 2, as pointed out earlier, the jaw 
clamping and staple firing are hydraulically controlled and 
each is controlled by a separate hydraulic system. The handle 
portion or assembly 102 mounts a hydraulic cylinder block 130 
that includes a pair of parallel bores 132 and 134 for 
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receiving, respectively, a piston for jaw clamping 136 and a 
piston for staple firing 138. The proximal end of each piston 
includes a gear rack for rack and pinion type cooperation with 
the gear teeth of separate clamping and for firing members. 
Coil springs 140 and 142 bias each piston toward a proximal, low 
pressure position. 

It is contemplated that the hydraulic fluid used in these 
systems will be water or a combination of water-alcohol mixture 
to prevent the growth of organisms within the hydraulic fluid. 
Incompressible liquids are the preferred hydraulic fluid, but 
other liquids , and possibly even gases, could also be used as 
the hydraulic fluid, if so desired. 

The clamping piston is moved forward, in a distal 
direction, by pivoting of clamp lever 144 toward the fixed 
pistol grip 110. Clamp lever 14 4 is pivotally mounted on 
cylindrical boss 14 6 that extends from the inside surface of 
handle shell 108. The clamp lever includes a raised arcuate 
segment that carries a series of gear teeth 148 on its upper 
surface, which engage with the teeth of the clamping piston gear 
rack 136, forming a rack and pinion arrangement. Upon pivoting 
of the clamping lever rearwardly, the clamping piston is forced 
forward or distally into bore 132, pressurizing the liquid 
located within the closed hydraulic system for the clamping 
action. 

To lock .the clamp lever in the clamped position, the handle 
assembly includes a release button 150. The release button has 
a proximal external thumb release tab 152 and a distal nose 154 
that cooperates with upper surfaces 156 of the clamp lever that 
flank the gear teeth 148. The release button 150 is pivotally 
mounted on a cylindrical boss 158 (extending from the inside 
surface of housing shell 108) intermediate the thumb tab and the 
nose piece so that downward pressure on the thumb tab raises the 
nose piece. Coil spring 160 is attached to the release button 
to bias the nose downwardly. As will be described in more 
detail later, when the clamp lever is pulled to the clamping 
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position, the nose of release button ISO falls into a ^ 
notch 162 in the cla.p lever to hold it in the clamped position. 

After the Jaws are clamped, the next aotion retired of the 
sur geon is to fire the staples so that they extend through and 
clench the tissue that is gripped between the closed ,aw To 
oarry out this aotion, the handle assembly includes a firing 
trigger 164 and a safety latch 166. The firing trigger rs also 
pivotally mounted on boss 146 of the handle. As can be seen in 
Figures 2, 12 and 10, in that order, the firing 
pair of spaced-apart side walls 168. The upper end of the 
damping lever is located within the space or slot between the 
sice walls of the firing trigger, and the boss 146 extends 
through both the firing trigger and claiming lever. 

The firing trigger is biased by. torsion spring 170 to an 
extended firing position. However, until firing is needed the 
trigger is held in retracted position within the handle by the 
safety latch 166. The safety latch 166 includes laterally 
extending wings 172 that extend through access openings 
windows 114 in each side of the handle body 112. 

The safety latch is also pivotally mounted to the body and 
biased by a spring wire 176 to a latched position where it 
retains the firing trigger in an inaccessible retracted position 
within the handle until the surgeon wishes to fire the staples^ 
At that time, the firing trigger is deployed by pushing on the 
end of one of the wings 172 that extends through side window in 
the handle. This aotion pivots the safety latch to a release 
position, allowing the firing trigger to deploy downwardly due 
to the bias of torsion spring 170. The surgeon may then squeeze 
the firing trigger, causing gear teeth 258 on the upper surface 
of the firing trigger to move the staple firing piston forward 
pressurizing the hydraulic fluid within the staple firing 
hydraulic circuit. The details of the various clamping and 
staple firing actions is shown more clearly in later drawings, 
„ h ere extraneous parts or pieces have been removed to clarify 
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an understanding of the different operations of the illustrated 
device. 

THE EFFECTOR ASSEMBLY 

Turning now to the distal or effector end of the instrument 
100, the parts of the distal end may first be seen in Figure 
3, an exploded view. 

The lower jaw 124 includes a bent u-shaped sheet metal 
channel 180 that includes an inclined slot 182 in each side wall 
and a pivot opening 184 in each side wall, where the upper jaw 
is pivotally attached to the lower jaw. The proximal end of the 
channel 180 is also formed into an articulation joint or 
knuckle, generally at 128, for pivotally joining, via pivot pin 
129, with the distal end of the barrel or shaft 116. 

The lower jaw includes a replaceable staple supply 
cartridge, generally at 186, which fits into a u-shaped bent 
metal receiver 188 located within channel 180. The staple 
cartridge includes a side recess 189 for receiving a locator tab 
on the upper jaw where the jaws are clamped together. The lower 
jaw also includes a balloon housing 190 for housing the staple 
actuation balloon 192. The balloon terminates in a rounded 
balloon tip 194 for engaging against a wedge 196 in the staple 
cartridge. Axial expansion of the balloon forces the wedge 
through the staple cartridge, the sloped forward surface of 
wedge 196 forcing the staples upwardly out of the cartridge. 

The upper jaw 126 of the end effector includes an anvil 
body 198 that has pivot openings 200 for pivotal attachment to 
the lower jaw pivot openings 184 by pivot pin 202. The anvil 
body 198 also includes a pair of slots 204 that cooperate with 
inclined slots 182 in the lower jaw, via slide pin 206, for 
relative opening and closing of the jaws. The anvil body 
further includes a staple cartridge locator tab 207, for 
insertion into the side recess 189 of the staple cartridge for 
positively locating the staple cartridge when the jaws close. 

The upper jaw 126 also includes a nose piece 208 that has 
a central bore 210 for receiving piston 212. The piston 212 
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cooperates with a linage 214 to open and dose the 
specifically, piston rod 216 extends thrown Irnxage eye 1 and 
tlough a coil spring 220 and into the nose prece core 210 ,»rth 
' bushing 211 closing the proximal end of the nose pre e here 
except for a small hydraulic fluid port in the bushrng . The 
Unxage 214 includes pivot openings 222 that cooperate vra 
slide pin 206, with the slots 204 in the anvil body and rnclrned 
10 fs 12 in he lover Jaw channel, as will he described „ .ore 
d ta 1 later. Finally, the upper Jaw includes an anvil former 
„hich has concave poCets for receiving and bend^ * 
staples to clench tissue gripped between the jaws, and a torsron 
spring 226 for laterally biasing the Jaws to a angle posrtron 

relative to the barrel 116. 

fvm BARREL ASSEMBLY 

Referring to Figure 2, the barrel or shaft assembly 106 

includes the barrel or shaft 116 which houses the hydraulrc 

' tubing 118 and 120 for the closing and firing systems and the 

balloon retractor subassembly 122. As mentioned earlrer, ^ the 

barrel or shaft 116 is a hollow, cylindrical, elongated tube, 

and is preferably made of metal, although suitably 

stic lay else be used. The proximal end of the barre 

Includes opposed slots 22S for attachment to swrvel :ornt 

between the handle and barrel. The distal end of the barrel has 

upper and lower pivot openings 232 for recervrng prvot prn 12 

th at joins the barrel and Jaws to form the artrculatron 3 omt 

' The balloon retraction subassembly 122 located within the 
barrel includes a balloon retractor tube 234 extendrng 
io i udinally within the barrel and closed at each end by a 
bushing 236. Hydraulic fluid from the staple frrrn, pr ton 
collates with the interior of the balloon retractor t ube 
through tubing 120 that is attached to a hydraulrc urd port 
in the proximal bushing 236. The hydraulic fluid path extend 
through the distal end bushing 236 to an extension of tubing 120 
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that continues to the proximal end of balloon 192, located in 
the lower jaw of the effector assembly. 

The balloon retractor tube 234 encloses, as best seen in 
Figures 26-28, a cable cap 238 attached to the proximal end of 
a retractor wire 240. Retractor wire 240 extends through the 
distal bushing 236, through the extension of tubing 120 and 
through the balloon to the balloon tip 194. Coil spring 242 
extending between the distal bushing of the retractor tube and 
the cable cap 238 biases the end cap to a proximal position, 
which corresponds to a balloon retracted position. With this 
arrangement, expansion of the balloon pulls, via wire 240, cable 
cap 238 in a distal direction, compressing coil spring 242. 
When the hydraulic force is reduced after staple firing, the 
force of the compressed coil spring pushes the cable cap 
rearwardly (proximally) , pulling the wire 240 and thus the 
balloon to a retracted or deflated position. 

THE CLAMPING ACTION 

Figures 4-9 show cross-sectional views of the handle 
portion and end effector portion with respect to the clamping 
operation, with parts and pieces relating to the firing action 
removed for better understanding of the clamping action. 

Figures 4-5 show the handle assembly and effector assembly 
as they are in the jaws open position. Turning to Figure 4, the 
handle assembly 102 is shown there in cross-sectional view, 
illustrating the clamp lever 144 pivotally mounted on boss 146, 
the hydraulic cylinder block 130, and the clamping piston 136 
which includes a gear rack at its proximal end. Flexible tubing 
118, which may be plastic, silicone or other suitable material, 
extends from the clamping piston bore 132 to the distal end jaws 
for effecting the clamping action. The tubing is flexible at 
least in the vicinity of or in proximity to the articulation 
joints so as not to substantially interfere with or impair 
articulation of the joint. Compressed coil spring 140 extends 
between the hydraulic cylinder block 130 and flange 244 located 
on the piston. Coil spring 140 biases piston toward a proximal, 
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•4--«r, as to bias the effector jaws in an 

low pressure position, so as to dx* 

° Pe " TntrUion grated in Figures 4-5. the - 
*hp clamo lever 144 is fully extended, and the 

in the non-pressurized proximal position. The distal nose 54 
of the release button 150 rests on ^^^T^ 
of the clamp lever 144 (See Figure 10) . Coil spring 
en ion pu ling the nose of the release button downwardly A 

release button is slotted. The damping piston gear rac* „ 
si idably received within the nose piece slot, and the nose pi ce 
thlrefore prevents lateral, side-to-side shifting of the piston 

9eaI burning to Figure 5, showing the end effector Jaws in the 
open position, comparable to Figure 4, the effector ,aws a 
shown in cross-sectional view, without a staple cartridge, to 
t ter illustrate the cluing function. ,s shown ere h 
anvil body 1,6 is Pivotal moused * £ ^ ^ 

extends through pivot openings 184 of the lower 3 a 
200 In the upper Jaw anvil body. Slide pin 206 extends through 
ots 182 in the lower Jaw channel, slots 204 in the upper jaw 
anvil body, and through pivot openings 222 of the linxage 214. 
piston 212 is located within the bore 210 of the nose piece 2 ^ 
L piston includes an o-ring 246 located in an o-ring slot 246 
around the circumference of the piston to seal against the 

^"irthe nose piece is closed by a bushing 
2ll to which the hydraulic tubing 118 is attached. The fluid 

^r^T- - nuid, the piston will be moved 

distally or forwardly (to the left in Figure 5) . * »U be 
recalled, the piston rod 216 extends through the eye 216 of 
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linkage 214 , and movement of the piston to the left also pushes 
the linkage to the left. 

The forward or distal end of the nose piece is slotted on 
the underside to receive the eye 218 of linkage 214. As the 
piston moves to the left, action of the slide pin 206 moving 
along slots 204 in the upper jaw anvil body and 182 in the lower 
jaw channel pull the slots together, closing the jaws. Movement 
of the piston also compresses the coil spring 220 that extends 
between an inner shoulder 252 on the nose piece and the linkage 
eye 218. Accordingly, in the event of failure of the hydraulic 
clamping system, the spring 220 will move the piston 212 to a 
jaw-open position. 

Figures 6 and 7 show the handle assembly 102 and end 
effector assembly 104 in the position where the jaws are 
partially closed. As can be seen in Figure 6, the clamp lever 
144 has- moved partially toward the fixed pistol grip 110. The 
rack and pinion gear arrangement between the clamping piston 136 
and clamp lever gear teeth 148 has moved the clamping piston 
slightly distally or to the left in Figure 6, pressurizing the 
hydraulic fluid within the bore 132 of the hydraulic cylinder 
block 130. Inasmuch as this is a closed hydraulic system full 
of normally incompressible liquid, little movement is required 
to generate very high pressures within the hydraulic system. 
This increased pressure is transmitted through the tubing 118 
to the piston 212 located in the upper jaw at the distal end of 
the instrument. 

Turning to Figure 7, increased hydraulic pressure through 
the tubing 118 and bushing 211 has moved the piston 212 slightly 
in the distal direction (to the left in the drawing) pulling the 
linkage 214 in a distal direction, and moving slide pin 206 
distally along slots 204 in the upper jaw anvil body and 182 in 
the lower jaw channel. This action of the linkage and pin has 
drawn the upper and lower jaws of the distal end together. 

Figures 8 and 9 show the "instrument 100 with the jaws 124 
and 126 fully closed or clamped. As seen in Figure 8, the clamp 
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w « unvoted fully against the pistol grip 
1pver 144 has now been pivoted ru±j.y ay 

r ose end 154 of the release button 15. has droppe * 
t„e locking notch 162 in the upper area of the clamp lever, 
^nun/the cla m p lever from ^^^Z 
thumb release tab 152 is depressed. Coil spring 
ntenalon, holds the release button in this looked posr ron 

in the fully clamped position, the gear teeth 140 on 
up per end o £ the clamp lever 144 have advanced the c amprn 
piston 136 more completely in the compressed drrectron to the 
left in the drawing,, creating increased pressure rn the 
clamping hydraulic circuit and further compressing prston 

SPrin L 14 sho„n in Figure 9, the increased pressure of the 
hy oraulic liguid, co-unicated through the tubing 118 and rnto 

9Hft has moved the piston 212 in upper 
the bore of the nose piece 208 has movea v 

aw 126 distally. ». a result, the piston ^ the 
linkage 214 toward the distal end of the jaw and the slrde pxn 

6 to the distal end of the slots 204 in the upper Jaw anvr 
ly and 182 in the lower jaw channel. This actron brrngs the 

■aws to the fully closed or clamping position. Agarn, corl 
spring 220 is compressed, biasing the piston to the low pressure 

or jaws open position. described 

When it is desired to open the 5 aws, the a 
action is reversed. The thumb tab 152 on the reiease .button 150 
is depressed, raising the nose 154 of the release button from 
L lock-out notch 162 in the clamp lever, and 

amp lever to rotate clockwise to the open position he br 
of the compressed springs 220 in the upper 3 aw and 140 the 
handle force the clamping piston 136 outwardly of the bor 130 
■n the hydraulic cylinder block to a low pressure posrtron 
wh ere it was initially, as seen in Figure 4 for example and the 
a„s open by the reverse movement of slide pin 206 rn the slots 
204 in the upper jaw anvil and 182 in the lower jaw channel. 
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THE STAPLING ACTION 

Turning now to the stapling action, the hydraulic circuit 
of the stapling action may be seen in Figures 12-26. As was 
pointed out earlier, the hydraulic system for the firing circuit 
has, at the proximal end, the staple firing piston 138, which 
is slidably received within bore 134 of the hydraulic cylinder 
block 130. As with the clamping hydraulic circuit, the firing 
hydraulic circuit is a closed circuit, pre-filled with 
essentially non-compressible liquid, although other fluid and 
even compressible gas may be employed if desired. Hydraulic 
fluid is conducted through flexible tubing 120, balloon 
retractor tube 234, tubing 120 extension and into the balloon 
192, so that the tubing is located in proximity to the joints 
to allow articulation without substantial interference and 
without complicated mechanical structures for transmitting 
control actions to the end effector. Both clamping and firing 
pistons include one or more o-rings to seal against the 
respective bore to prevent leakage of hydraulic fluid. 

The handle mechanism by which the staple firing sequence 
occurs is perhaps best seen in Figures 11-15, which are views 
of the inside of the handle, with parts relating to the clamping 
action removed. Turning first to Figure 11, the firing trigger 
164 is shown in the retracted and undeployed position, where it 
is held by the safety latch 166 until the surgeon takes the 
positive step, after being satisfied with the clamping, to 
deploy the firing trigger. As may be seen in Figure 12, the 
firing trigger is pivotally mounted on the same boss 14 6 as the 
clamp lever 144. More specifically, the firing trigger includes 
a - pair of spaced apart circular side or end walls 168, one of 
which includes gear teeth 258 for cooperation with the gear rack 
of the staple-firing piston 138, and the other of which mounts 
the torsion spring 170, which biases the trigger to the deployed 
position. In the completed assembly (See Figure 10), the upper 
end of the clamp lever 144 is located and captured between the 
spaced-apart circular walls 168 of the firing trigger, rotating 
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4r eely relative to the firing trigger on the boss 146. As shown 
in Figure 14. the racx of the staple firing pre on s 
constrained against upward movement by a horwonfl plate 260 
The horizontal plate also includes an aperture 262 for recerv.ng 
one arm of the torsion spring 170. The other arm of the torsron 
spring is captured in a slot 264 provided in the srde face of 
the firing trigger. To hold the firing trigger m a 

retracted and inaccessible position until after the surgeon rs 
satisfied with the clamping, the present invention employ the 
safety latch 166. As seen in Figures 1 and 12, the safety latch 
166 includes a vertical wall or body 266 which mounts, at , s 
cpper end, opposed pivots 268 that extend into hollow bosses 270 
of the handle, allowing the safety latch to pivot or swxng about 
th ose pivot points. As seen in Figure 13, a tongue cr tab 272 
protrudes proximally from the face of the safety latch for 
engagement with a window 274 (as best seen in Figure 
safety latch trigger. One end of spring wire 176 xs attached, 

1 of the spring wire is located in a slot 270 in the bac srde 
of the safety latch body 266. Thus, the spring wrre biases the 
safety latch counterclockwise, so that the tongue 272 enters he 
trigger window 274 when the trigger is moved to a retracted 

^T/described briefly earlier, the safety -tch includes a 
pair of wings 172 extending laterally from the body 266, and 
through windows 174 in the side walls of the handle. W en he 
surgeon is satisfied with the clamping action, he or she may, 
b y pushing on the end of the wings protruding 
window, pivot the safety latch clockwise to remove the latch 
tongue 272 from the firing trigger window 274, and allow the 
firing trigger to deploy under the biasing force cf the torsron 

spring 170. , kl 
in the deployed position, the firing trigger is accessible 
' to the surgeon for executing the firing action of the staples. 
Similar to the clamping action, pulling on the trigger causes, 
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through the meshing of gear teeth 258 and the teeth of the 
staple firing piston rack, the staple firing piston to move 
distally to compress the hydraulic fluid in the firing piston 
bore 134 and to compress the coil spring 142 that surrounds the 
firing piston. As hydraulic pressure is increased by the 
movement of the piston in the handle, the increased pressure is 
transmitted to the balloon 192 through the hollow tube 120, the 
balloon retractor tube 234, and tubing extension. . . 

The staple firing sequence in the distal lower jaw is most 
easily understood by reference to Figures 18 25. Figure 18 
is a perspective view of the end effector, which shows both the 
top and bottom jaws 124 and 126 of the preferred embodiment of 
the present invention. In Figure 19, the upper jaw is removed, 
and only the lower jaw with the staple cartridge 186 remains. 
In that figure, the inclined slots 182 in the channel 180 are 
readily visible, as is the pivot opening 184 by which the upper 
jaw is pivotally attached to the lower jaw. The articulation 
joint 128 and pivot pin 129 mounting the end effector to the 
distal end of the barrel are also visible in Figure 19. 

In Figure 20, the channel is removed, and we can now see 
the receiver 188, containing the staple cartridge 186, and also 
the balloon housing 190. A balloon housing tab 280 is located 
on each side of the balloon housing 190 for snap interfit in 
side apertures 284 in channel 180 (see Figure 19) . 

Figure 21 shows the distal end of the lower jaw with the 
receiver and staple cartridge, in large part, removed. In this 
figure, tubing 120, which conveys the hydraulic fluid to the 
balloon, is shown entering the rear or proximal end of the 
balloon housing 190. The rear of the balloon housing also 
includes an arcuate or cutout area for accommodating the pivot 
pin 202 that pivotally mounts the lower and upper jaws together. 

The balloon housing 190 has a generally U-shaped cross- 
sectional shape, forming a channel for receiving the deflated 
or retracted balloon. The convex, hemispherically shaped tip 
194 of the balloon may be seen at the distal end of the housing 
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^ o 91 Ficrure 21 also shows the cam or wedge 196 which, 
in Fxqure 21. fcigure *x 

„ h en forced axially throu g h the staple cartridge, ^ 
staples. The proximal en, of the wedge is generally f"™^ 
concave in shape to receive the spherically convex 
balloon. The wedge also includes a ramp or cam surface 284 

W ithin the staple cartridge, as is well Known u. the pr or 
«t, each staple 286 is located atop a driver 288, and the 
drivers are aligned in a generally axial directron. As the 
wedge is forced forward or distally through the cartridge, the 
drivers are forced up the ramp surface of the wedge. e 3 ec rng 
the staples and forcing them against the anvil former that rs 

located in the upper jaw. 

The balloon 192 has a fluted wall which allows xt to be 
repeatedly expanded and retracted. As shown in Frgure 22 the 
Tloon is in the retracted position. When the 
is pulled, and the staple firing piston increases hydraulic 
pressure in the firing circuit, the balloon expands axially, as 
I on Figure 23, forcing the wedge through the cartridge and 

rin 9 the staples into and through the tissue and forming h 
ends of the staples over to clench the tissue gripped there 

"figures 37 and 38 shows a vertical side cross-sectional 
v iew of the balloon when expanded and retracted, and showing the 
(luted or folded accordion configuration of the balloon 

There is yet one additional safety feature associated with 
the firing of the staples in the instrument 100. Turning to 
Figure 16 a depending hoox 290 is located at the proximal end 

raised tab 292 on the nose 154 of the release button 150 unti 
be jaws are clamped. This interference prevents axial movement 

of the staple firing piston until after the jaws have been fully 
lamped. It may be recalled from Figure », the, : after t 

clamping lever is fully retracted, the nose of the release 

the clamp lever 144. When that occurs, the raised tab on 
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release button drops put of engagement with the staple firing 
piston (see Figure 17), allowing the piston to be moved by the 
firing trigger. Until such time, however, as the release button 
drops into the notch in the clamp lever, which occurs only in 
the fully clamped position, inadvertent or accidental firing of 
the staples is prevented. 

ARTICULATION JOINTS 

As best seen in Figure 4, a swivel or gimbal joint is shown 
in the nature of a ball and socket joint 294. As can be seen 
in Figure 2, the distal end of each half of the handle includes 
a. hemispherical portion 114, such that when the two handle 
halves are joined, a ball 296 is formed at the distal end of the 
handle portion. 

Slidably mounted over the ball is a socket 298, also formed 
by joining two halves, which includes a distal bore 300 for 
fixedly receiving the proximal end of the barrel or shaft 116. 
The proximal inside surface of the socket is curved to match the 
hemispherical shape of the ball, forming a relatively tight but 
still slidable frictional fit between the ball and socket. For 
locking engagement of the proximal end of the shaft into the 
socket, each socket half includes a inwardly extending tab 302, 
which enters a mating slot 228 in the proximal . end of . the 
barrel. This serves to lock the barrel or shaft in a fixed 
position relative to the socket. Accordingly, with this 
construction, the handle may be pivoted relative to the barrel 
or shaft in any direction for up to about 20 degrees. 

As clear from the description, the end effector of the 
present invention is also articulated relative to the barrel or 
shaft. As best seen in Figures 3 and 19, the proximal end of 
the lower jaw channel 180 is bent into a series of tabs 304, 
each of which includes a pivot opening 306 in axial alignment 
with the others. The distal end of the barrel, as also seen in 
Figure 3, includes upper and lower axially aligned pivot 
openings 232. Pivot pin 129 extends through aligned pivot 
openings 232 in the distal end of the barrel and the aligned 
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pivot openings 306 in the bent tabs of the lower ,» channel 
!80 This forms a hinged type o £ Joint, allowing prvot ng 
lement of the Jaws laterally left and right relative to the 

barrel F ; r partioular applioation of this device to the isolation 
o£ the atrial appendage, torsion spring 226 is locatec .or , th 
vertioal pin, biasing the Jaws at a lateral angle of about 30 
degrees relative to the barrel, although other degrees of 
Z ng may be employed, if desired. The spring allows , U» 3- 
and barrel to be in alignment as they pass through the trocar 
I the patient and to the treatment site, but as the drsta en 
of the instrument emerges from the trocar, the Jaws move to the 
angled position to which it is predisposed by the torsron 

''""The end effector may also be mounted for articulation in 
other directions, such as vertically or at another angle. Also, 
the articulation Joint between the barrel and end effector may 
1 a gimbal or ball and socket type Joint, such as used between 
the barrel and handle, for 360' of articulation. With such a 
oint, control wires extending from the handle, through the 
Lrre and to the end effector could be used to control the 
direction and amount of articulation of the end effector to 
ef fect Precise changes or adjustments to the position of the end 
effector, as .ay be reguired for particularly delicate medroal 

PrOC tgures 39 a-e show an alternative embodiment of the present 
invention. As with the instrument described above 
shown in Figures 39a-e includes a handle portron 102 end 
ef fector portion 104 and barrel portion 106. In this embedment 
laws 300 and 302 are pivotally attached at 304 for opening and 
closing in a scissor-liRe movement. In addition, each jaw has 
. tLLal portion that is separately pivotable at 3.8 to 
pivoting of the terminal portion of the Jaws at up to a right 
I 1 w th respect to the barrel portion 106 «as shown rn rrgure 
39a) . With this construction, the Jaws may be rn general 
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alignment with the barrel for passage through a trocar, and then 
pivoted to any desired position at the surgical site. 

SHAFT CONFIGURATION 

Figures 40-65 illustrate a further aspect of the present 
invention. The instrument preferably includes a shaft which is 
capable of an angled configuration where at least a portion of 
the shaft is manually movable to a direction which extends at 
an angle to another portion of the shaft.. The angled shaft 
portion may be angled in one or more directions or planes. Each 
of the angled shaft configurations illustrated in Figures. 40-65 
is shown by way of example and not limitation. Numerous other 
configurations of the shaft are also possible without departing 
from this aspect of the present invention and may depend upon 
the medical procedures employed, the method of approach utilized 
in the medical procedure, as well as the area which is to be 
treated. It is realized that at least a portion of the shaft 
may be shaped by the operator prior to insertion of the 
instrument into the patient and/or after the instrument is 
inserted in the patient. Manual manipulation or shaping of the 
shaft may be performed directly or indirectly by the operator 
via control rods extending through the shaft to the handle 
portion, as will be described, so that the shaft is conformed 
into a desired configuration. 

In Figures 40-42 an instrument, generally indicated at 400, 
similarly includes a handle portion 102 at the proximal end of 
the instrument, a distal end effector 104 and a shaft assembly 
106. The shaft assembly 106 includes an outer flexible shaft 
404 as best seen in Figures 41 and 42. At least one fluid flow 
path 406 is disposed preferably within the flexible outer shaft 
404 though it is realized that any number of fluid flow paths 
may be utilized as previously described with another aspect of 
the present invention. 

The flexible outer shaft 404 includes a proximal end, 
generally indicated at 408, and a distal end, generally 
indicated at 410. The elongated shaft defines a longitudinal 
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. ^ at 412, at the distal end 

thereof. At least a p extends at an angle to 

0 ri-irpotion in which it exteuuo 

moveable to a por example, the shaft 106 may 

another portion of the shaft illust rated in Figure 

be shaped from the straight ««t.ticn « * 4Q 

, to the angled ^^^^^ the distal end 
and whioh shows a portion of the sha remaining 

nnrtion 410 extending at an angle relative to 
portion ij-u Fiaure 40 the 

. , fho chaft It can be seen that in ciyu 

portion » P~j^ ty to the dis tal and effector, 

curved shaft portio a P ^ ^ ^ may 

so, it can be seen tha ne or - rf ^ sha£t . 

be angled or deflected relati ^ ^ or 

in addition, the angled shaft portion y 
»ore directions which are at an angle to another port 

v, +-ko a nnle of deflection is most liKeiy a 
shaft. Although the angle of ^ 

hich i s flexible along its length or, alternately, may 
r I! of a m etallic material and/or other suitable 

as well as , a co mult i-layered construction. It 

such as where the shart nas resilient, 

1 .-.h that the polymeric material may oe re„ 

is contemplated that t h p J ^ be capable 

so that it tends to return to , it g ^ 

of shape retention whereby the ^ or may be made 

in the configuration in which * con£or ming to 

0£ a ----- tretu— — Lt. Where the 
the pathway defined by the su manually 

Klo nf shape retention, the shart may 
shaft is capable of shape inser tion of the 

moveable by the operator such as prior 
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instrument into a patient or directly or indirectly at any time 
thereafter. Where the shaft is resilient or freely conforming, 
movement of the shaft may effectuated by exterior surfaces such 
as, for example, trocars or insertion sleeves which have the 
desired angled configuration acting upon at least a portion of 
the shaft so as to manually move, bias, flex or bend the shaft 
along that portion. 

Figures 43-4 6 illustrate another instrument 414 which 
similarly includes a handle portion 102, a distal end effector 
assembly, and a shaft assembly 106. The shaft assembly includes 
a flexible outer shaft 416 which generally defines a shaft axis 
417. The shaft assembly further includes fluid flow paths 418 
and a elongated malleable element 420. The shaft is preferably 
made of plastic although, as described above, other materials 
are also possible. In accordance with the previously described 
aspects of the present invention, the fluid flow paths 418 are 
used to effect selective actions of the hydraulic actuator. 

In Figures 43-4 6 the malleable element 420 extends along 
the elongated shaft, preferably between a proximal end 422 and 
a distal end 424 of the shaft although it is possible that the 
malleable element may be disposed along a portion of the shaft 
and/or extend discontinuously along several portions of the 
shaft. 'Towards this end, numerous longitudinal lengths of the 
malleable element will be possible depending the configuration 
which is desired. The malleable element may be comprised of one 
or more members extending along all or a portion of the shaft. 
The malleable element is preferably made of metallic material 
such as a metal rod, wire or the like which is capable of shape 
retention although it is also possible that the malleable 
element could be made of a non-metallic material. The portion 
of the shaft having the malleable element disposed therein may 
be manually moved to a direction in which it extends at an angle 
to another -portion of the shaft. As illustrated in Figure 43, 
the portion of the shaft adjacent the distal end 424 is 
positioned at an acute angle relative to the remaining portion 
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h f , other portions of the shaft may also be angled 
of the shaft. Other P ^ ^ ^ ^ ^ ^ 

with respect to another po resDec t to one 

of several segments which are angled with respect 

other The aTgle itself, which is generally defined at 426, 
another. The g illust rated in Figure 43 havxng 

may be configured into ^ h shap ^ ^ ^ 

a sharp " Zre 46, which generally has a 

orientation illustrated 19 
smoother or more gradual angle or curve 

Fiaures 43-46 illustrate at least a portxon of the shaft being 
Fxgures relative to another portion, it xs 

realized that an aternate maUeab le element 

» ahafttaS of a medical instrument includes a malleable element 
30 12 extends in a 9 enerally spiral orientation a on, 
• „,2 of the shaft. The malleable element rs capable of 

— on - , 7 ; - 

portion of the shaft and the malleable element 

Figures 47-48, rne =» 

, cirmr^ 47 where a shaft axis 

configuration show - Figure 4 ^ ^ 

generally orxented m a straig 

illustrated in Figure 48, whereby the shaft axis 432 

, fla right angle configuration. Within the shaft, the 
havxng a rxght ang orie ntations . Figures 

malleable element may have a varxery o aT . allv 
^ and « illustrate the malleable element ha.ino = ally 
spiral orientation along the axxs ot tne 

Ineable element encircles the fluid ««^J^ ^ 

contemplated that other orientates may alsc be used 

least a portion of the malleable element extends at an an, 
least a p ^ the maUeable 

r ; 1 :l::\ "not necesLrily oriented in a spiral orientation. 
; y r y of example but not limitation the malleable element may 
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also be disposed within the shaft in a fluted or corrugated 
orientation in addition to numerous other orientations. 

Figures 49-52 illustrate a further medical instrument 
generally indicated at 440, likewise having a handle portion 
generally indicated at 102, a distal end effector generally 
indicated at 104, and a shaft assembly generally indicated at 
106. The shaft assembly is comprised of an elongated shaft 442 
having a fluted, corrugated or undulating shape as it extends 
between a proximal end 444 and a distal end 446. A fluid flow 
path extends along the elongated shaft and is indicated at 448. 

As best shown in Figures 50-52, the shaft 442 is comprised 
of smaller and larger diameter portions 450 and 452, 
respectively, which define the undulating shape of the outer 
shaft. The shaft is preferably made of a flexible shape 
retaining polymer material. At least a portion of the shaft is 
manually moveable - or shapeable so that it can be moved to the 
position illustrated in Figure 52 and retain that position. 
Figure .49 illustrates the shaft 4 42 having several portions of 
the shaft angled relative to other portions of the shaft. These 
angled portions are shown by way of example, but not limitation 
because it is contemplated that numerous other shapes and 
configurations are also possible. In the angled configuration 
illustrated in Figure 52, a portion of the shaft. is curved 90 
degree relative to the other portion of the shaft which is 
shown. The angled configuration also effects the exterior 
surface of the shaft. In Figure 52 the shaft surface at the 
exterior side of the angle — the right side of the shaft 
illustrated in Figure 52 — the undulations are shown more 
widely spaced apart. Conversely, the shaft surface at the 
interior side of the curve — the left side of the shaft 
illustrated in Figure 52 — has undulations which are more 
narrowly positioned relative to one another due to the angled 
orientation of the shaft. While it is preferred that the shaft 
be made of a material which allows for shape retention, it is 
also possible that the shaft could flexible in such a way that 
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it allows for the shaft to freely conform to the path defined 
by its surroundings so as to define a flexible and resilient 
shaft or, alternately, the shaft may be resilient so that it 
tends to return to a preformed shape. 

The shaft may further comprise a structure analogous to the 
overlapping spiral shell of BX electrical cable, which allows 
the shaft to flex relatively freely while protecting the inner 
conduit. in BX electrical cable, the outer armor shell is 
cross-sectionally S-shaped, with adjoining spiral sectxons 
interlocking, as illustrated in Figure 51a, while allowing 
relative shifting to accommodate bending. 

Figures 53 and 54 illustrate an instrument 460 which is 
similar to the instrument 440 illustrated in Figures 49-52, 
except that the instrument 460 in Figures 53 and 54 includes an 
outer flexible shaft, generally indicated at 462, which is 
comprised of a metallic material similar to the shaft in Figures 
49-52 The shaft 462 in Figures 53 and 54 is comprised of 
smaller and larger diameter portions 464 and 466, respectively. 
Shaft 462 may be manually moved to an angled position which is 
illustrated in Figure 53 in solid lines relative to the straight 
orientation illustrated in dotted lines. Other orientations are 
also possible . 

Figures 55-57 illustrate an alternate instrument 470 having 
a similar handle portion 102, a distal end effector 104, and a 
shaft assembly 106 where the shaft assembly is comprised of an 
outer elongated flexible malleable shaft 472, which generally 
defines a longitudinal axis 474. There may be one or more fluid 

flow paths 476. 

Figures 55 and 56 illustrate, respectively, a straight 
configuration and an angled configuration. In Figure 56 at 
least a portion of the shaft 472 in proximity to the distal end 
of the shaft is bent, at a location generally indicated at 478, 
at an angle with respect to another and more proximal portion 
of the shaft. The angle which is defined relative to the 
remaining portion of the shaft is an acute angle although other 
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angles are also possible. The shaft 472 is preferably made of 
a metallic material which has shape retention characteristics 
so that the distal portion of the shaft is retained in the bent 
configuration in Figure 56. Alternatively, it is possible that 
the shaft may be resilient or freely conforming to the shape of 
the pathway defined by its surroundings. 

Figures 58-60 generally illustrate instruments having a 
shaft comprised of a . material which is capable of being 
preformed into a desired orientation. The shaft may be 
manufactured from, for example, a thermof ormable plastic or 
polymer which is capable of being heat-formed into a desired 
orientation example, as well as other plastic and/or metallic 
materials which may be formed into a desired shape or 
configuration. 

In Figure 58, an instrument 480 includes a shaft 482, which 
is comprised of a heat-f ormable polymer. The polymeric material 
is heated to a suitable temperature which allows for the shaft 
to be formed into a desired shape having one or more portions 
of the shaft being moved to a direction at an angle relative to 
other portions of the shaft at one or more locations, which in 
Figure 58 are represented as lateral or horizontal bends, 
generally indicated at 486 and 488. The shaft is -allowed to 
cool in the desired shape and may be held within an 
appropriately shaped cavity or mold during the cooling process 
•so that the shaft retains its angled configuration. While the 
shaft may retain flexibility characteristics, it is generally 
resilient in that it is biased to return to its preformed shape. 
One or more fluid flow paths 484 extend within the shaft and are 
flexible so as to follow the preformed shape of the outer shaft 
as illustrated in Figure 59. 

In Figure 60, instrument 490 similarly - includes an 
elongated shaft 492 which defines a longitudinal shaft axis and 
is preformed into an angled configuration. The preformed 
configuration of the shaft 492 is substantially straight along 
the proximal end of the shaft and is curved at the distal 



WO 03/101313 



35 



PCTAJS03/16377 



portion of the shaft to define an overall L-shaped 

configuration. p .„.. re 
in addition to those shapes shown in Figure 58 and Figure 
60, numerous other preformed shapes are also possible depending 
on the medical procedure employed, the method of approach 
otilUed and the area of the patient's body which reguire 
treatment. By way of exa^le but not limitation, at least one 
portion of the shaft may have a preformed configuration which 
is angled in any direction or degree and the shaft may have 
several angled portions along its length. 

Although the instruments in Figures 58-60 are shown having 
a preformed shape, these instruments may also provide , shaft 
„hich has flexibility characteristics. For example, at least 
. portion of the shaft may be resilient so as to allow the shaft 
to be manually moved or shaped relative to another portion o 
the shaft upon applying a force and thereafter, once the force 
is removed, the portion of the shaft will return to its 
preformed configuration. The flexibility of the shaft also may 
provide that a portion of the shaft may be moved to 
decrease the existing angle of the curvatures along the length 
of the shaft. The longitudinal axis of the shaft may be 
oriented in a straight orientation during insertion of the 
instrument through a trocar or other insertion device so as to 
facilitate insertion. In addition, the shaft asse^ly m either 
instrument illustrated in Figures 58-60 may include a malleable 

lament as previously described so as to allow further »anu 
movement of at least a portion of the shaft relative to other 
portions of the shaft so that the shaped portion retains its new 

^"igures 61-65 illustrate an instrument 500 which is 
similarly comprised of a handle portion 102, a 
effector assembly 104 and shaft asse^ly 106. The shaft 



ef lector ds&em^-ujr * 

asse^ly includes an elongated outer flexible ^ 
indicated at 502, which extends between a proximal end 504 and 
a distal end 506. Fluid flow paths 508 extend along the shaft. 
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Shaft shape control rods 510 extend along the shaft between the 
proximal and distal ends 504 and 506 and are in operative 
engagement with a control member 512 such as the control knobs 
illustrated in Figure 61. Although Figures 61-65 illustrate two 
control rods 510 extending along the length of the shaft, any 
number of control rods may be used extending to various 
longitudinal locations of the shaft. The control rods, although 
shown in Figures 61-65 as positioned on the left and right sides 
of the shaft, may be positioned in other orientations without 
departing from this aspect of the present invention. 

The control rods 510 allow for manipulation of the shaft 
configuration from the handle portion 102 of the instrument. 
Movement of the knobs 512 at the handle portion effectuates 
movement of the shaft along at least a portion of the shaft. 
Tension, rotation or compression and/or any combination of these 
forces may be applied to the control rods by the control member. 
For example, in Figures 64 and 65 the shaft is moved from the 
orientation illustrated in Figure 64 to that shown in Figure 65 
by tension applied to the proximal portion of the lower control 
rod 510 illustrated in Figure 64. Alternatively, the bent 
configuration in Figure 65 may be achieved by compressive force 
being applied to the proximal end portion of the upper control 
510 in Figure 64. A combination of one or more forces applied 
to one or more of the control members will allow curvature of 
the shaft in essentially unlimited degrees and direction 
relative to another portion of the shaft and/or the handle 
portion. 

END EFFECTOR CONFIGURATION 

Figures 68-7 9 illustrate a variety of end effector 
configurations. These configurations are shown by way of 
example and not limitation as it will be realized that numerous 
other orientations may be utilized without departing from this 
aspect of the present invention. The end effector may be curved 
in one or more directions and up to 360 degrees. By way of 
example but not limitation the end effector may have a complex 
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curve, which is a curve which includes two or more simultaneous 
directions of curvature relative to a straightened end effector 
configuration. In fact, any number of different end effector 
orientations are contemplated without departing from the present 

invention. , 
in Figures 68-70 an instrument 520 has an elongated end 

effector assembly 104 disposed at a distal end 522 of . shaft 
assembly 106. The shaft generally defines a longitudrna shaft 
axis 524 at the distal end of the shaft. The end effector 
includes an upper jaw 526 and a lower jaw 528, which include 
elements corresponding to those previously descrrbed for 
actuation of the hydraulic medical instrument for closure of the 
jaws and ejection of the staples. The upper jaw include, , a 
distal end portion 530 and a proximal end portron 532 
Likewise, the lower jaw 528 includes a distal end portron 534 
and a proximal end portion 536. As best seen in Frgures 68 and 
69, the portion of each upper and lower jaws 526 and 528 
adjacent the distal end portions 530 and 534 extends at an angle 
relative to a more proximal portion of each upper and lower 3 «. 
At locations, generally indicated at 438 and 440, respectrvely, 
each angled portion of the upper and lower jaws defines an acute 
angle A relative to the remaining portion of each of the jaws 
The shape or configuration of the end effector in Frgures 68-70 
is shown as having a ramped or angled configuration in a 
vertical direction relative to another portion of the end 
effector. 

It is contemplated, however, that other angles may be 
utilized depending on the desired configuration for the medrcal 
procedure. The end effector may be angled relative to other 
directions and degrees so that virtually united 
configurations are possible for at least a portion of the end 
effector relative to another portion of the end effector and/or 

the shaft assembly. 

The configuration illustrated in Figures 68-70 may be frxed 
or flexible in a similar manner as previously described relatrve 
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to the configuration of the shaft. For example, the end 
effector may be comprised of a material which is predisposed, 
resilient or biased to the configuration illustrated in Figures 
68-70, yet is also allowed to flex or bend from such 
configuration upon manually moving at least a portion of the end 
effector. The upper and lower jaws may be comprised in whole 
or in part of a suitable material which is allowed to bend so 
as to either increase or decrease the angled portion of the end 
effector. In addition or as an alternative, either or both, of 
the jaws may be comprised of a shape retaining malleable 
material or element which allows for at least a portion of the 
end effector to be manually moved relative to another portion. 

Figures 71-73 illustrate an alternate end effector 
configuration of an instrument, indicated generally at 550. The 
elongated end effector assembly 104 is carried at the distal end 
552 of the shaft- assembly 106. The distal end of the shaft 
assembly generally defines a longitudinal axis 554. The end 
effector assembly 104 generally includes upper and lower jaws 
556 and 558, respectively, having internal components as 
previously described herein. Each of the upper and lower jaws 
are connected to 'the distal end of the shaft at a common 
connection 560. 

As. particularly illustrated in Figure 72,. the upper and 
lower jaws 556 and 558 are curved along a vertical direction 
relative to the shaft axis 554, but, as shown in Figure 73, the 
jaws are not curved, or are generally straight, along a 
horizontal direction relative to the shaft axis. As shown by 
way of example, in Figure 72, at least one portion of the lower 
jaw is angled at angle A' relative to another portion of .the 
lower jaw. The upper jaw follows a similar shape. The overall 
shape of the. jaws is an arcuate or curved orientation as best 
seen Figure 72. The orientation of the end effector in Figure 
71-73 is such that the upper jaw provides a convex surface and 
the lower surface provides a concave surface. It is also 
possible that the curvature of the end effector may be made up 
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of a plurality of straight segments. Other conf igurations are 
also possible including other curvatures. 

As compared to Figures 68-70, the end effector 
configuration in Figure 71-73 provides a smoother curve and is 
curved along a majority of the length of the elongated end 
effector. So, it is contemplated that all or any portion of the 
end effector may be curved or angled and the degree of curvature 
may be varied along the length thereof. 

Figures 74-76 illustrate a further end effector 
configuration for a medical instrument, generally indicated at 
570 The elongated end effector 104 is connected to a shaft 
assembly 106 at a distal end 572 of the shaft and the shaft 
generally defines an axis 574 at the distal end thereof The 
end effector assembly 104 generally includes upper and lower 
ja ws 576 and 578. As compared to the end effector 
configurations illustrated in Figures 68-73, the end effector 
of Figures 74-76 has a curved configuration in a horizontal 
direction relative to the longitudinal axis 574 of the shaft 
as best shown in Figure 75. Portions of both the upper and 
lower jaws 576 and 578 define a concave inner side surface 580 
along the inner portion of the curve. A convex surface 582 is 
defined at the outer side surface of the curve. Along the 
vertical direction as shown in Figure 76, the end effector is 
generally aligned or parallel with the longitudinal axis 574. 

Figures 78-79 illustrate a yet further medical instrument 
590, which essentially combines the features of the end 
effectors illustrated in Figures 71-76 in that the end effector 
configuration in Figures 77-79 is curved in both the horizontal 
and vertical directions relative to the shaft axis. In this 
„ ay Figures 78-79 illustrates one type of a complex curve which 
is curved in two or more directions simultaneously. It is 
contemplated that numerous other types of complex curves are 
possible within the scope of the present invention. 

in Figures 78-79 the end effector assembly 104 is carried 
at a distal end 592 of the shaft and the shaft generally defines 
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a longitudinal axis at the distal end thereof, indicated at 594. 
The end effector assembly includes an upper jaw 596 and a lower 
jaw 598. Figure 78 best illustrates the curvature of the upper 
and lower jaws relative to a horizontal direction. A portion 
of both the upper and lower jaws define an inner concave side 
surface 600 and, likewise, define an outer convex side surface 
602 opposite the concave surface. As best seen in Figure 79, 
the end effector assembly 104 is also curved relative to the 
longitudinal shaft axis 594 in a vertical direction whereby the 
upper and lower jaws 596 and 598 are curved upwardly and define 
an upper concave surface 604 and a lower convex surface 606. 

As previously mentioned, it is contemplated that a variety 
of other orientations are possible. For example, the end 
effector assembly may be curved along its length or a portion 
thereof to the right or to the left, upwards or downwards, or 
any combination thereof. Although the. angle of curvature is 
shown as generally being an acute angle, other angles are also 
possible. In addition, the degree and sharpness of the 
curvature may vary. In addition, either or both of the upper 
and lower jaws may be comprised of a rigid material or, 
alternatively, may be flexible so as to allow manual movement 
of at least a portion of the end effector assembly relative to 
another portion. 

Turning to Figures 66 and 67, another aspect of the present 
invention may utilize a dual-headed end effector assembly, 
generally indicated at 612. The end effector assembly 612 is 
connected to a distal end 614 of the shaft, and the shaft 
generally defines a longitudinal shaft axis 616. The end 
effector assembly 612 includes first and second end effectors 
618 and 620, which are connected to each other at their proximal 
ends in end-to-end alignment. Both proximal ends are further 
connected to a common hub or articulation joint 622, which is 
connected to the distal end 614 of the shaft. The hub 622 is 
rotatable relative to the shaft so as to allow lateral movement 
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of the end effector assembly 612 relative to the longitudinal 

Shaft F r g u S re 66 illustrates the first and second end effectors 

disposed in a generally aligned parallel relationshrp relative 

to the longitudinal shaft axis 616. Figure 67 illustrates th 

first and second end effectors after rotation of the huh 622 
end ^ pos . Uon shown ln 

approximately 90 degrees reia - h „„. an 

P ILe 66. The configuration illustrated in Frgure 67 shows an 
overall T-shaped dual-headed end effector. The huh -ay be 
pr loaded so that it normally is disposed in the positron 
nuslrated in Figure 67. Ouring ^TT^Lt 
medical instrument 610 into the patient's body, a trocar or 
I h r insertion device .ay he used to hias the instrument t th 
position illustrated in Figure 66. Thereafter, once the drstal 
^ of the trailing end effector clears the trocar the end 
Iffactor assembly will assume the position in Frgure 7^ 
Although the end effector assembly is shown in Frgure 67 at 
I n /t y degree angle relative to Figure 66, other angular 
positions are also possible and may depend upon 
procedures, medical approaches and internal body areas to be 

""'Teen he seen from the above description, the present 
invention has several different aspects and features whrch are 
not limited to the specific device shown rn the attached 
drawls or to the specific procedures discussed. Varrous o 
these features may be embodied in other devices for carryrng out 
other P-cedures, including but not limited to stapling, 
cutting! grasping, coagulating or other surgical Procedures 

.hough shown in a manual form, for direct control by the 
surgeon, the present invention is also applicable rn robot 
controlled procedures. The hydraulic actuate of : th. pr-en 
invention particularly lends itself to small diameter 
instruments! multi-axis articulation and large force (. g , 
' clamping or cutting force, generation, whrch ar not o< ly 
advantageous in manual applications but are also partrcularly 
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useful in robotic applications , where the instrument operation 
is remotely controlled through a robotic controller module or 
unit, 

. In a robotic application, for example, the end effector 
assembly could be attached, by way of an elongated shaft, with 
a remote hydraulic pressure source. The hydraulic pressure 
source (which may include multiple independent hydraulic 
pressure sources) could be remotely controlled via electronic 
or electro-mechanical controller operated by programmable 
microprocessor alone or in combination with manual control or 
voice control commands or both, as already known in the art of 
remote robotic control. 



WO 03/101313 



43 



PCT/US03/16377 



CLAIMS 

!. a hydraulically actuated endoscopic medical instrument, 

comprising: j-«4- a i 
an elongated shaft including a proximal end and a distal 
end and generally defining a longitudinal shaft axis at the 

distal end thereof; 

an elongated end effector at the distal end of the 
elongated shaft, at least a portion of the end effector 
extending at an angle to another portion of the end effector; 

a handle portion at the proximal end of the elongated 
shaft; and 

a fluid flow path extending between the handle portion and 
the end effector through the elongated shaft. 

2 A hydraulically actuated elongated end effector for an 
endoscopic medical instrument, the end effector comprising a 
first hydraulic actuator responsive to changes in hydraulic 
actuation pressure to effect a first selected action and a 
second hydraulic actuator responsive to changes in hydraulic 
actuation pressure to effect a second selected action, at least 
a portion of the end effector extending at an angle to another 
portion of the end effector. 

3. A hydraulically actuated endoscopic medical instrument, 

comprising: _ 

an elongated flexible shaft including a proximal end and 

a distal end, at least a portion of the shaft being manually 

movable to a direction in which it extends at an angle to 

another portion of the shaft; 

an end effector at the distal end of the elongated shaft, 
a handle portion at the proximal end of the elongated 

shaft; and , 

a fluid flow path extending between the handle portion and 

the end effector through the . elongated shaft. 

4. A hydraulically actuated endoscopic medical instrument, 

comprising: 
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an elongated flexible shaft including a proximal end and 
a distal end, at least a portion of the shaft being manually 
movable to a direction in which it extends at an angle to 
another portion of the shaft; 

an elongated end effector at the distal end of the 
elongated shaft, at least a portion of the end effector 
extending at an angle to another portion of the end effector; 

a handle portion at the proximal end of the elongated 
shaft; and 

a fluid flow path extending between the handle portion and 
the end effector through the elongated shaft. 

5. The medical instrument of Claim 1 wherein the end effector 
is curved, 

6. The medical instrument of Claim 1 wherein the one portion 
of the end effector extends at an acute angle relative to 
another portion of the end effector. 

7. The medical instrument of Claim 2 wherein the end effector 
is curved. 

8. The medical instrument of Claim 2 wherein the one portion 
of the end effector extends at an acute angle relative to 
another portion of the end effector. 

9. The medical instrument of Claim 3 wherein at least a portion 
of the shaft is made of plastic. 

10. The medical instrument of Claim 3 wherein at least a 
portion of the shaft is made of a metallic material. 

11. The medical instrument of Claim 3 further comprising an 
elongated malleable element extending along the shaft. 

12. The medical instrument of Claim 11 wherein the malleable 
element is made of metal. 

13. The medical instrument of Claim 11 wherein the malleable 
element extends from the handle portion to the end effector. 

14. The medical instrument of Claim 11 wherein shaft defines 
an axis and the malleable element is generally aligned parallel 
to the axis of the shaft. 
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15 The medical instrument of Claim 11 wherein the shaft 
defines an axis and at least a portion of the malleable element 
extends at an angle relative to the axis of the shaft. 

16 The medical instrument of Claim 11 further including shaft 
shape control rods extending from the handle portion to a 
location along the shaft. 

17 The medical instrument of Claim 15 wherein the malleable 
element extends in a generally spiral orientation along the axrs 
of the shaft. 
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FIG. 6 
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FIG. 17 
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